Berberis species have been used extensively as raw material in various herbal medicines. In this work, a fast and sensitive method based on reversed-phase high-performance liquid chromatography coupled with electrospray ionization quadrupole time-of-flight tandem mass spectrometry (HPLC-ESI-QTOF-MS/MS) was used to assist the distribution and discrimination study of bioactive compounds from Berberis species such as B. aristata, B. asiatica, B. chitria, B. jaeschkeana, B. koehneana, B. lyceum, B. petiolaris and B. pseudoumbellata. The HPLC separation was performed on a Thermo Betasil C8 column (250 mm × 4.5 mm, 5μ) using gradient elution with a mobile phase of 0.1% aqueous solution of formic acid (v/v) and acetonitrile. The high resolution (HR) and collision induced dissociation (CID) mass spectrometry experiments were conducted in order to provide molecular-mass information and MS/MS fragmentation patterns of the compounds for structural elucidation. A total of 59 compounds were tentatively identified and characterized including three acids, forty-one alkaloids and twelve flavonoids using seventeen reference standards for authentication. Principle component analysis (PCA) was also applied to discriminate eight Berberis species according to their plant parts i.e., leaf, stem and root. The highest total content of identified compounds was detected in the root of all the Berberis species wherein alkaloids were predominant.
The genus Berberis L., having around 500 species, belongs to the family Berberidaceae. They are found all over the world mainly in Asia, America and the Mediterranean region [1] . Berberis is a spiny, deciduous, ever green shrub with yellow stems and simple leaves. Phytochemical study of different plant parts of Berberis species has shown almost similar constituents of the stems and roots, but variability has been found in the constituents of the leaf [1, 2] . A wide range of phytochemicals have been reported in different Berberis species, including alkaloids, flavonoids, lignans, lipids, sterols, terpenoids and vitamins. Alkaloids are the major class of bioactive phytoconstituents of Berberis species in which berberine, palmatine, columbamine, jatrorrhizine, and magnoflorine are the major components [3] [4] [5] [6] . Traditionally, Berberis species are used in Ayurveda and Yunani medicine systems to cure various infections, reducing obesity, curing piles, hemorrhoids, dysentery, indigestion, uterine disorders, vaginal disorders, wound healing, jaundice, asthma, drying unhealthy ulcers and also used as an antidote for snake or scorpion bite [1, [7] [8] [9] [10] [11] [12] . The base peak chromatograms (BPCs) of the different plant parts of the Berberis species extracts are presented in Figure 1 . The accurate masses of targeted [M+H] + or [M] + ions of all the possible chemical constituents were extracted from the total ion chromatograms (TICs) and the retention times of respective peaks are mentioned in Table 1 . The mass spectra derived from extracted ion chromatograms (EICs) have shown intense [M+H] + or [M] + ions with the mass error 2.76 ppm. Expected chemical constituents showed distinguishable MS/MS fragment ions with high mass accuracy. A total of 59 compounds, including three acids, forty-four alkaloids and twelve flavanoids, were tentatively identified from ethanolic extracts of Berberis species, and seventeen of them were unambiguously identified by comparing their retention times and mass spectra with those of reference standards (Table 1, Figure S1 , S2). The compounds were tentatively established on the basis of their ESI-MS and CID-MS/MS data. Distribution of all the identified peaks in different plant parts of eight Berberis species are presented in Table S1 . Peaks 2, 36 and 46 showed [M+H] + ions at m/z 166.0864, 208.0966 and 192.0654, respectively, and were identified as simple isoquinoline alkaloids (SIQs). Peak 2 produced a retro-Diels-Alder (RDA) fragment ion at m/z 137.0583 and a consecutive loss of water molecule at m/z 119.0474. It also generated ions corresponding to loss of NH 3 and water molecules from the [M+H] + ion. It was assumed that the most prominent ion at m/z 121.0644 may have appeared by loss of NH 3 (m/z 131.0488), followed by loss of CO from a fragment ion at m/z 148.0752 (Scheme S2). Therefore, peak 2 was identified as 1,2,3,4-tetrahydro-7,8dihydroxyisoquinoline. CID-MS/MS of peaks 36 and 46 showed fragment ions by loss of a water molecule, RDA cleavage, and Bring cleavage (Table 1 ). Furthermore, peak 36 showed loss of a methyl radical (m/z 150.0672) and a methoxy radical (m/z 134.0726) from a fragment ion at m/z 165.0901, which indicated the presence of a methoxy group in ring A. In addition, peak 46 showed sequential losses of CH 2 O and CO from the ion at m/z 149.0586, which indicated the presence of a methylene dioxide group in ring A (Scheme S3). Therefore, peaks 36 and 46 were tentatively characterized as corydaldine and noroxohydrastinine, respectively [14] . Peaks 3, 10 and 11 showed exact masses at m/z 330.1698, 314.1750 and 422.1962 corresponding to reticuline, oblongine and karakoramine, respectively, as reported in our previous work [2] . Peak 48 at m/z 386.1238 was tentatively identified as intebrine, which was previously isolated from leaves of B. integerrima [14] . Peaks 8, 13 and 28 were identified as magnoflorine, isocorydine and glaucine, respectively, by comparison with authentic standards. They showed a [M] + ion at m/z 342.1702 for peak 8, while 13 and 28 showed [M+H] + ions at m/z 342.1704 and 356.1852, respectively. Peaks 9 at m/z 328.1542 and 15 at m/z 356.1856 were tentatively identified as isoboldine and menisperine, respectively and matched with reported literature [15, 16] .
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Natural Product Communications Vol. 11 (12) Peaks 18, 29, 30, 32, 38, 41 and 45 showed fragmentations involving the successive dissociation of the methyl substituents, followed by CO, H, H 2 and no fragments below m/z 200 in their CID-MS/MS spectra (Table 1 , Table S2 , Figure S1 and Scheme S4), which are the characteristic features of quaternary protoberberine alkaloids. These were, therefore, assigned as demethyleneberberine (18), columbamine (29), jatrorrhizine (30), thalifendine (32), berberrubine (38), palmatine (41) and berberine (45), by comparison with their reference standards and literature [2, 9] . Comparison of the molecular formulae of peaks 4, 14, 23, 57 and 58 with those of jatrorrhizine, columbamine, palmatine, thalifendine and berberine showed the presence of one extra oxygen. It was also observed that these peaks had similar fragmentation pathways to those of jatrorrhizine, columbamine, palmatine, thalifendine and berberine (Scheme S5 and Table S2 ) [15] . Therefore, they were tentatively identified as 8oxojatrorrhizine (4) or 8-oxocolumbamine (14) , 8-oxopalmatine (23), 8-oxothalifendine (57) and 8-oxoberberine (58) .
In this study, 10 compounds were tentatively identified as tetrahydroprotoberberine alkaloids based on their characteristic fragmentation patterns involving RDA and B-ring cleavage. It is easy to deduce substituents in the rings based on these fragmentations ( Figure S1 , Scheme S6 and Table S3 ). For example, peak 19 showed a [M+H] + ion at m/z 340.1544, and a RDA fragment at m/z 192.1011, which indicated two methoxy groups in ring A. The compound was, therefore, tentatively identified as tetrahydroepiberberine. Figure S3 ). Peaks 21, 35 and 40 produced the most prominent ions [Y 0 ] + at m/z 317.0636 and 271.0596 corresponding to the aglycone unit owing to the loss of rutinose and glucose moieties [2, 13] .
Distribution of major bioactive compounds in different plant parts of eight Berberis species for quality assessment:
Distribution of the identified bioactive compounds was observed on the basis of averaged relative percent peak area (n=3) obtained from the EICs of all 59 compounds in eight Berberis species. Significant differences in the abundance of all the 59 compounds were observed among the Berberis species under the reported experimental conditions. In the leaf, chlorogenic acid (6) was abundant in all the species, followed by apigenin (52), chilenine (37) and luteolin (50) (Figure 2a ). Chlorogenic acid was the most abundant in BP, followed by BK and BASIA, while apigenin was highest in BASIA. In the stem part, magnoflorine (8) was most abundant, followed by berberine (45), palmatine (41) and jatrorrhizine (30) (Figure 2b) . Magnoflorine was the most abundant in BP, followed by BU, BL, BJ and BC, while berberine was the most abundant in BARIS, followed by BASIA, BK, BL and BU. In the root part, berberine (45) was highest in all the species, followed by palmatine (41), jatrorrhizine (30) and magnoflorine (8) ( Figure  2c ). Magnoflorine was the most abundant in BP, followed by BU, BL, BJ and BC, while berberine was the most abundant in BARIS,
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Natural Product Communications Vol. 11 (12) followed by BASIA, BK, BL and BU. In the root part, berberine (45) was highest in all the species, followed by palmatine (41), jatrorrhizine (30) and magnoflorine (8) (Figure 2c ). Among the species, berberine was the most abundant in BL root, followed by BK, while palmatine was maximum in BK, followed by BASIA and BARIS. Similarly, the total content of identified compounds was maximum in the roots of all the Berberis species (Figure 2d ).
Discrimination study of eight Berberis species by Principle Component Analysis:
To evaluate the variation among the eight Berberis species and simplify the data organization, PCA was used. PCA is an unsupervised clustering method without any information of the data set and retain maximum variance of multi-dimensional data while reducing its dimensionality. The data are generally presented as a two dimensional plot (score plot) where the coordinate axis represents the directions of the two largest variations. The HPLC-ESI-QTOF-MS data of Berberis species plant parts were subjected to PCA. Out of the 59 compounds, some peaks were removed to obtain the best possible result of PCA. On the basis of eigen value, 29 peaks (2-6, 8, 10, 11, 14, 16, 19-25, 27-31, 34-40) were observed with covariance 40.3% and 30.3% contributing 70.6% variation in PC1 vs PC2 for leaf data. Similarly, 39 peaks (3, 5, 8-10, 12, 13, 15, 17-20, 22 , 23, 25-34, 36-40, 42-49, 51, 54) were observed with a covariance of 39.1% and 27.4%, which contributed 66.5% variation in PC1vs PC2 for stem data and 38 peaks (1-6, 8-11, 14, 17-19, 21-35, 37-45) were observed with a covariance of 33.3% and 28.4%, which contributed 61.7% variation in PC1 vs PC2 for root data. The score plots (PC1 vs. PC2) of the leaf, stem and root are given in Figure 3a -3c, respectively. The score plot of leaf showed clustering of the data according to the species. Similarly, the plots for the stem and root clearly showed clustering and differentiation. It is, therefore, clear that HPLC-ESI-QTOF-MS followed by PCA is an appropriate method for the identification of different species. It is interesting to note that BP and BU have shown much similarity in leaf, stem and root parts.
